Background/Aims: Hypersomnia is common in dementia with Lewy bodies (DLB). We assessed the efficacy, safety, and tolerability of armodafinil for hypersomnia associated with DLB. Methods: We performed a 12-week pilot trial of armodafinil therapy (125-250 mg orally daily) in DLB outpatients with hypersomnia. The patients underwent neurologic examinations, a neuropsychological battery, laboratory testing, electrocardiography, and polysomnography. Efficacy was assessed at 2, 4, 8, and 12 weeks. Safety assessment included laboratory examinations, QTc interval, and heart rate. Tolerability was assessed by analysis of adverse events. Data were analyzed using the last-observation-carried-forward method. Results: Of 20 participants, 17 completed the protocol. The median age was 72 years, most of the participants were men (80%), and most had spouses as caregivers. The Epworth Sleepiness Scale ( p < 0.001), Maintenance of Wakefulness Test ( p = 0.003), and Clinical Global Impression of Change ( p < 0.001) scores improved at week 12. The Neuropsychiatric Inventory total score 
Introduction
Dementia with Lewy bodies (DLB) is the second most common cause of degenerative dementia and is estimated to affect approximately 1 million Americans [1] [2] [3] [4] [5] [6] [7] . Dementia is the core functional and cognitive manifestation of DLB. Although a systematic review of 10 randomized, placebo-controlled, double-blind trials of cholinesterase inhibitors and memantine showed cholinesterase inhibitors to enhance cognitive function for patients with DLB [8] , many other symptoms and features of DLB are not affected by this class of agents. Excessive daytime somnolence is increasingly being recognized in patients with DLB [3, 4, 6, 9] . Analyses conducted using the Epworth Sleepiness Scale (ESS), a subjective measure of sleepiness, and the Multiple Sleep Latency Test, an objective measure of sleepiness, in patients with DLB have shown moderate-to-severe sleepiness using both measures [10] . REM sleep behavior disorder, a parasomnia in which patients appear to act out their dreams, is common in patients with narcolepsy and is also common in DLB; this disorder most likely reflects the normal muscle activity of wakefulness invading into REM sleep [11] [12] [13] [14] . Visual hallucinations, which are also common in DLB and narcolepsy, could reflect intrusions of dream imagery into wakefulness [11] [12] [13] [14] .
The use of psychostimulants or the wake-promoting agents modafinil and armodafinil often results in improvements in cognition, excessive daytime sleepiness, and visual hallucinations in patients with narcolepsy [15] [16] [17] [18] . We, therefore, conducted an open-label, 12-week study using armodafinil -a wake-promoting agent that has slightly more potency and duration of effect than modafinil -to determine its efficacy, safety, and tolerability in patients with DLB. We hypothesized that armodafinil would show efficacy on measures of excessive daytime sleepiness, impaired functional status, cognitive impairment, neuropsychiatric morbidity, and patient/caregiver quality of life (QOL), as well as be safe and well tolerated.
Subjects and Methods

Patients
From January 2010 to April 2012, participants aged 50-90 years with a diagnosis of clinically probable DLB were recruited from the behavioral neurology outpatient clinic and Alzheimer's Disease Research Center program at Mayo Clinic, Rochester, MN, USA, after a comprehensive neurobehavioral evaluation. We included patients with an ESS score of 8 or greater, with Folstein Mini-Mental State Examination scores between 10 and 26, and without any active medical disorder that could preclude participation in a drug treatment trial over a 12-week protocol. Participants were required to have had a stable medication regimen during the previous 4 weeks and could not be taking any psychotropic medication at doses viewed by the clinician to substantially affect the patient's alertness. For participant inclusion, we also desired a clinically significant primary sleep-related breathing disorder causing sleepiness to be either ruled out by polysomnography (PSG) or, if present, confirmed to be effectively treated by nasal continuous positive airway pressure (CPAP); exceptions were permitted in select circumstances if CPAP had been variably tolerated on prior PSG. An identified caregiver for at least 4 h per day for at least 5 days per week was required for participation in the study, and both patients and caregivers had to be willing and able to consent and participate in all study-related procedures.
Study Design
The study was approved by the Mayo Clinic Institutional Review Board. We conducted a single-center, single-arm, open-label, pilot study using armodafinil for 12 weeks in patients with hypersomnia associated with DLB. The study protocol is given in the online supplemental material (for all online suppl. material, see www.karger.com/doi/10.1159/000471507). All participants received active treatment. The treatment regimen starting dose was 150 mg by mouth every morning for the first 4 weeks. If tolerated with no adverse effects, the dose was increased to 250 mg by mouth every morning for the subsequent 8 weeks. In addition to screening and baseline visits, each participant was assessed at 2 weeks by telephone and in person at 4, 8, and 12 weeks of treatment.
Efficacy Evaluation
The primary efficacy measures were changes in scores, using the ESS for daytime sleepiness as viewed by the informant, and performance on the Maintenance of Wakefulness Test (MWT 
Data Analysis
For all measures, we compared the baseline values with the end-of-study values. We used the Wilcoxon signed-rank test, which is based on within-patient differences, for these comparisons. The last-observation-carried-forward method was used for ESS, QOL (Linear Analogue Self-Assessment Scale), and NPI measures but was not applied to other efficacy or safety and tolerability measures. Tests with a p value of 0.05 or less were regarded as significant. We used the statistical software R version 3.1.1 (The R Foundation; https://www.r-project.org/) and SAS version 9.3 (SAS Institute Inc.) for statistical analysis. 
Results
Patient Characteristics
Of 20 participants screened, all were enrolled; 2 discontinued near completion of the study because of worsening disease, and 1 died of community-acquired pneumonia. Seventeen participants completed the 12-week protocol ( Fig. 1 ) . The patients' demographic and clinical data are shown in Table 1 . The demographic characteristics for all 20 participants and caregivers are given in online supplemental Table 1 . The median age of all patients was 72 years; most were men (80%), and almost all had spouses as caregivers.
All participants had baseline PSG; 4 were using CPAP. The mean respiratory disturbance index was 11.5; 5 patients had a value of 20 or greater. Four of these 5 had known obstructive sleep apnea (OSA) and had been intolerant to CPAP; in the other participant, the respiratory disturbance index on PSG was 23, despite use of CPAP, due to central apneic events.
Efficacy
The changes in scores from baseline to end of study for the ESS, MWT, ADCS-CGIC, ADAS-ADL, ADAS-Cog, supplemental neuropsychological measures, NPI, and QOL are presented in Table 2 . The measurements at baseline, week 4, week 8, and week 12 are given in online supplemental Table 2 . Regarding the primary efficacy assessment, the ESS ( p < 0.001) and MWT ( p = 0.003) scores were improved at the end of the study compared with baseline ( Fig. 2 ) . For the ESS, we used a cutoff of 10 as reflecting excessive daytime somnolence; 18 of the 20 patients had scores above this cutoff at baseline, and 12 of these 18 (67%) had ESS scores of less than 10 at their final visit while on armodafinil therapy. The other 2 patients whose ESS score had been 8 at baseline had lower ESS values at the final visit. All but 1 participant experienced improvement on the ESS at their last observation compared with baseline. Using a cutoff of 8 min (2 SD below the mean of 30 min based on published normative data) [19] on the 40-min version of the MWT, 11 patients (55%) had mean initial sleep latency (ISL) values of 8 min or less at baseline, and 12 (60%) had ISL values greater than 8 at their final visit while on armodafinil therapy. All but 3 participants had improved MWT scores at their last observation compared with baseline.
Regarding the secondary efficacy assessment, the ADCS-CGIC ( p < 0.001) scores were improved at the end of the study, but significant changes from baseline were not found on the ADAS-ADL and ADAS-Cog measures over time. No improvement occurred on any of the cognitive measures, and worsening occurred on a few measures (e.g., Digit Span forward). The total NPI scores were significantly improved after 4 weeks of armodafinil therapy ( p = 0.003); the median total scores were lower at the 8-and 12-week visits compared with baseline, but this did not reach significance. Specific neuropsychiatric features of visual hallucinations ( p = 0.003) and agitation ( p = 0.02) showed significant decreases after 4 weeks. The most notable improvement on the NPI was in apathy, with sustained improvement throughout the study: week 4 ( p = 0.02), week 8 ( p = 0.008), and week 12 ( p = 0.01) ( Fig. 3 ) . There was no evidence of significant decreases or increases in delusions, depression, euphoria, or anxiety. Overall QOL improved for caregivers, with higher scores at the end of the study ( p = 0.004). There were no significant differences found in the overall QOL for patients, whether self-reported or rated by the caregiver. The patients rated the individual QOL domains of physical ( p = 0.003), emotional ( p = 0.03), mental ( p = 0.02), and social ( p = 0.004) well-being lower at week 12 than they did at baseline. 
Safety and Tolerability
All participants tolerated armodafinil dosing at 150 mg/day during the baseline-to-4-week phase. In 17 patients, the dosage was increased to 250 mg/day, which was maintained throughout their participation in the protocol; the other 3 participants are described below. There were no clinically significant changes from baseline through the end of the study in laboratory parameters for renal function, liver function, complete blood count, electrolytes, and heart rate. No clinically significant adverse events were observed or reported. The median QTc intervals were 421.5 ms at baseline and 429 ms at the end of the study. There were no clinically significant differences in change of QTc interval from baseline, except for 1 participant. In this participant, the QTc increased from 395 ms at baseline to 439 ms at week 4; the dose of armodafinil was maintained at 150 mg/day until repeat electrocardiography showed a decreased QTc, at which point the dosage was increased to 250 mg/day and maintained. The QTc had returned to baseline level at the end of the study. Another participant had increased anxiety during the initial 4-week phase at 150 mg/day, so armodafinil was discontinued for 2 weeks. The anxiety did not change, so the 150 mg/day armodafinil regimen was resumed and then increased to 250 mg/day. This participant did not complete the protocol because of social issues, and he could not return for further visits. For the other participant, the dosage was 150 mg/day, then 250 mg/day, then 150 mg/day, and then 250 mg/day (changing weekly) over the final 4 weeks of the study.
Discussion
Hypersomnia in DLB is common and debilitating, but it can be moderated with pharmacologic interventions in conjunction with behavioral management [1] . Our pilot data suggest improvements in caregiver-observed hypersomnia and objective wakefulness compared with baseline, along with reasonable safety and tolerability, with the use of armodafinil therapy in hypersomnolent patients with DLB. Prospective, randomized, double-blind studies in patients with DLB are warranted.
Our study findings suggest that armodafinil was effective in reducing daytime sleepiness and improving wakefulness over 12 weeks in our study population. Armodafinil is a wakefulness-promoting agent that is a levorotatory ( R ) enantiomer of the racemic compound modafinil and is twice as potent [20, 21] . In the USA, modafinil and armodafinil are approved for promoting wakefulness in patients with excessive sleepiness associated with OSA/ hypopnea syndrome, narcolepsy, and shift work sleep disorder [20, 21] . The precise mechanisms through which armodafinil or modafinil promote wakefulness are unknown. Five randomized, double-blind, placebo-controlled, parallel-group studies demonstrated the efficacy and safety of 12-week armodafinil treatment in adults with excessive sleepiness associated with sleep apnea/hypopnea syndrome [22, 23] , shift work sleep disorder [24] , narcolepsy [15] , or closed traumatic brain injury [25] .
One randomized controlled trial demonstrated modafinil to be effective in treating daytime sleepiness [26] , and 2 randomized controlled trials investigated the use of modafinil to treat fatigue [27, 28] , all in patients with Parkinson disease. A review of efficacy data on the nonmotor symptoms of Parkinson disease found insufficient evidence regarding the efficacy of modafinil for the treatment of excessive daytime sleepiness, and of methylphenidate and modafinil for the treatment of fatigue [29] . A systematic review of 10 randomized controlled trials of modafinil found therapeutic effects for excessive daytime somnolence but not fatigue in patients with Parkinson disease, as well as inconsistent results on fatigue and excessive daytime somnolence in other neurologic disorders (multiple sclerosis, traumatic brain injury, and postpolio syndrome) [30] . The physiologic underpinnings of hypersomnia and fatigue may be different; fatigue was not investigated in our study.
Although many studies have examined the effects of stimulants and wake-promoting agents on sleep and wakefulness in these various other conditions, no formal prospective studies of wake-promoting agents have been performed in patients with DLB. To our knowledge, our study is the first to investigate the use of armodafinil to treat hypersomnolence in patients with DLB, and there are no comparable studies. It is important to note, however, that although 67% of the participants in our study had improvement in ESS scores from a pathologic range ( ≥ 10) to a nonpathologic range (<10) and although 20% had improvement in MWT ISL values from a pathologic range ( ≤ 8 min) to a nonpathologic range (>8 min), there was still evidence of hypersomnia based on the ESS and MWT. Therefore, although armodafinil did improve hypersomnia in patients with DLB in this study, a substantial proportion continued to experience hypersomnia based on the ESS and/or MWT.
Our study patients had clinically significant improvement in global functioning at the end of the study, as assessed by clinicians on the ADCS-CGIC. However, no significant changes were observed for functional or cognitive status over 12 weeks of armodafinil treatment, as measured by the ADAS-ADL and ADAS-Cog, respectively. Several studies suggest not only improved cognitive performance but also improved psychomotor vigilance with the use of modafinil and armodafinil [31] . There is also evidence of improvement in the cognitive abilities of healthy patients and psychiatric populations taking modafinil [32] . One systematic review reported that psychostimulants had little or no effect on cognition in dementia, but this review did not distinguish true psychostimulants from wake-promoting agents [33] . A small study described improvement in attention and global mental status in a retrospective sample of 6 patients with Parkinson disease dementia/DLB receiving modafinil or armodafinil [34] . The study also reported better reaction times and accuracy to a visual stimulus on computerized attention tasks, reflecting changes in cognitive fluctuations, in a prospective sample of 7 patients with Parkinson disease dementia/DLB with an open-label single-dose study [34] . In our study participants, no changes in functional or cognitive status were detected over time, although a prospective study involving more patients using a similar battery of neuropsychological measures is still warranted.
Our findings on the secondary efficacy measures suggest improvement of overall neuropsychiatric morbidity, visual hallucinations, and agitation in the short term (4 weeks) and improvement of apathy sustained throughout the study (12 weeks). Caregivers endorsed a higher overall QOL at the end of the study, whereas overall QOL for the patients remained the same. The complex and multiple symptoms of motor and autonomic dysfunction, cognitive fluctuations, visual hallucinations and behavioral changes, and sleep-related issues in DLB place a high symptom burden on the patients and care challenges for the caregivers, which affects QOL for both groups. Patients with DLB have more frequent and clinically significant hallucinations and apathy than do patients with Alzheimer disease [35] . The factors most likely to contribute to caregiver burden were sleep and mood disturbances [36] , and the higher distress that DLB caregivers experience is associated with neuropsychiatric symptoms of delusions, hallucinations, anxiety, and apathy [37, 38] . Other factors associated with caregiver burden include daytime sleepiness and mood disturbances [36, 39] . Our study findings of improved overall neuropsychiatric status and reduced hallucinations, agitation, and apathy may be related to the caregivers' perception that their QOL was better at the end of the study. An important clinical implication of this finding is that pharmacologic treatments that may improve neuropsychiatric symptoms in DLB have the potentially desirable consequence of improving the QOL of caregivers.
Our findings suggest the overall safety and tolerability of armodafinil in our patients. There were no abnormalities in laboratory test results, heart rate, or vital signs at the end of the study. We noted no worsening of parkinsonian symptoms or any adverse effects. Despite being similar to sympathomimetic amine stimulant agents such as amphetamine and methylphenidate in their wakefulness-promoting actions, armodafinil and modafinil are distinct from the stimulants in their adverse effect profile, including lack of hyperlocomotion, hyperthermia, rebound hypersomnolence, and minimal effects on cardiovascular and hemodynamic parameters [3] . Stimulants have also been noted for the potential for abuse and induction of psychosis and should be avoided in patients with cardiac risk factors [3] . Although neuropsychiatric features may worsen with stimulants, clinical experience suggests that this is uncommon. A study that assessed the pharmacokinetics of armodafinil in 2 age groups demonstrated increased systemic exposure in the elderly (aged >65 years) compared with younger patients (aged 18-45 years), as measured by steady-state area under the curve (tau) and C max values. Although the elderly participants did not have more adverse events than the younger participants, and even though armodafinil was well tolerated by both age groups, the recommendation is to consider using lower doses to manage excessive sleepiness in older patients [40] .
Limitations of our study include the open-label design and lack of comparison with a control group. In addition, concomitant use of cholinesterase inhibitors and psychoactive therapies could influence alertness, although our participants had been on stable doses for at least 4 weeks before the study. The small sample size also may limit the generalizability of our findings. Finally, some of the participants in this study had OSA; ideally, all participants should either have no clinically significant OSA or have OSA successfully treated with CPAP. We believe that the inclusion of patients with OSA is justified because it reflects the suboptimal tolerability of CPAP in some patients with DLB (and in many other patient populations) and because this was designed as a pilot study. A placebo-controlled, double-blind approach with minimal potential confounders would be desired in future studies of wake-promoting agents in DLB.
DLB is a progressive and ultimately fatal neurodegenerative disorder for which no therapy has been shown to alter the rate of progression. Yet, our study findings have relevant implications for clinical practice and provide insights for a therapy in DLB that has not been emphasized sufficiently. Key strategies in the management of DLB should include pharmacologic approaches that target excessive daytime sleepiness and neuropsychiatric symptoms, because these compromise the QOL of patients and caregivers. Interventions that help reduce the symptom burden, while also being safe and well tolerated, would be desirable in this patient population.
